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TRANSPORT HELICOPTER COST 
AND HELIPORT CONSIDERATIONS 


F. David Schnebly! 


INTRODUCTION 


Before entering upon the threshold of the subject of this paper, it is prob- 
ably well to attempt to answer the following three questions, which are often 


asked by persons not closely associated with helicopter manufacture or opera- 


tion: 
1) 
2) 
3) 


Why all this talk about transport helicopters? 
What do they really offer the transportation industry? 
When will they be in large-scale commercial service ? 


Some of the details involved in the answers to these questions will be covered 
later, but the questions can be answered, in a general fashion, as follows: 


1) 


2) 


3) 


Considerable commercial interest in the transport helicopter has a- 
risen over the period of the last two years because of its possible use 
in scheduled short-haul air transport operations. 

One of the greatest growth potentials for the air transport industry lies 
in the so-called mass short-haul air travel market. To date, this mar- 
ket has been only slightly tapped by our very efficient certificated local 
service airlines, most of which are operating DC-3 equipment over 
route segments not intended in that aircraft’s design. They are also 
forced to skip certain stops, for economic reasons, which might yield 
high passenger potential, were the time saving over surface travel ap- 
preciable. The transport helicopter may be the solution to the short- 
haul air transport problem, for it is most efficient over the typical 
short-haul route segment and wastes very little time in taxiing, land- 
ing, and taking off, which becomes a very important time consideration 
when discussing short-haul air carrier operations. For these reasons, 
the transport helicopter may very definitely have something to offer the 
transportation industry. 

As to when the transport helicopter will be in large-scale commercial 
service, it might be said that civil engineers will have almost as much 
to do with that as do the helicopter airframe manufacturers, for the 
very reason that the development of helicopter air transportation is 


very closely related to the availability of well-designed downtown metro- 


politan heliports as well as to the availability of those in the rural com- 
munities which the machines will serve. The civil engineers who are 
responsible for the planning, design, and erection of future heliports 
and heliport facilities will indirectly, but quite decisively, determine the 


date when the transportation industry will have a new workhorse in serv- 


ice on a large scale. 


I. Project Engr., Hiller Helicopters, Palo Alto, Calif. 


778-1 


4 


This, of course, brings us to the real subject and purpose of this paper -- 
to present those pertinent design characteristics which will best give a firm 
picture of the present and future transport helicopter so that adequate plan- 
ning may be done. 


Operating Cost and Heliports—Major Acceptance Factors 


The two major factors involved in the rapid incorporation of the transport 
helicopter into our air transport system are Cost of Operation and Heliport 
Facilities. For this reason, the remainder of this paper will limit itself to 
design as related to operating cost and heliport requirements, with some pre- 
liminary remarks on present and future helicopters. 


Helicopter Transports— Present and Future 


Present 


At the present time, there are only four commercially certified helicopters 
operating in the United States. One of these, the Sikorsky S-51, is now out of 
production, leaving only the Sikorsky S-55, a 7 to 8 passenger light transport; 
the Bell Model 47, a two-place utility machine; and the Hiller 12-B, a two or 
three passenger general utility helicopter. These three operational helicop- 
ters are shown in Figure 1. 

The Sikorsky S-55 is the only transport type of helicopter in commercial 
service today and is the machine which is used by the certificated helicopter 
air carriers in Los Angeles and New York; namely, Los Angeles Airways and 
New York Airways. These carriers have been certificated by the CAB for 
mail and passenger hauling operations and are acquiring the vast experience 
and data that must be available before the helicopter transport field can be 
significantly penetrated. These ventures are not profit-making at the present 
time but are subsidized by the Government as “learning operations” to investi- 
gate and to solve the many problems and to develop the necessary operational 
techniques involved in helicopter transport operations. Even in this capacity, 
they are filling a need in the rapid short-haul air mail program. In addition 
to these two certificated metropolitan air carriers, using 8-55 equipment, 
Mohawk Airlines, a local service airline in up-state New York and National 
Airlines, a well-known East Coast trunk line carrier, have purchased an 8-55 
helicopter for similar “learning programs”. However, these operations are 
without subsidy and were initiated by the carriers themselves, in their belief 
that their particular route structure or portion thereof was particularly suited 
for helicopter operation. 

The Bell Model 47 utility type of helicopter is involved in only one certifi- 
cated air carrier operation in this country; namely that of Helicopter Air Serv- 
ices, a metropolitan mail carrier in Chicago. HAS operates a fleet of six 
Bell Model 47 Helicopters in an inter-post office to urban area air mail opera- 
tion. This operation also was certified by the CAB as a proving ground, and 
much has been learned from it. The Bell Model 47 helicopter is employed in 
many other areas in many other general utility operations. 

The Hiller 12-B utility type of helicopter is in use in many countries of the 
world in operations ranging from tree seeding, crop dusting, casualty rescue, 
and whale scouting, to landing Santa Claus in downtown areas to open the 
Christmas shopping season. Four Hiller 12-B’s are used in charter passenger 
carrying operations by Philippine Airlines in Manila, and others are in use in 
crop seeding and dusting operations in Asia and Europe. 
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Two large transport helicopters which might well make their way to com- 
mercial operation are the 35-passenger Sikorsky S-56 and the 45-passenger 
Piasecki H-16. The Sikorsky S-56 is just now going into military production, 
and Piasecki H-16 is in flight test. 

Both of these aircraft are twin-engine and may very well be the first large 
transport helicopters to see commercial service. They too are pictured in 
Figure 1, together with a proposed Hiller Transport Design for the future, 
shown hovering over a roof-top heliport, to the right of the photograph. 


Performance and Weight Data 


Figures 2 and 3 list the range, cruise speed, gross weight, and payload of the 
particular models mentioned above, as well as a possible time sequence chart 
for their commercial operation starting dates. It should be emphasized, how- 
ever, that Figure 3 is based on some educated guessing and is presented here 
only to give a rough estimate of when these aircraft may appear in commer- 
cial operation. It may be noted from Figure 2 that the newer and larger heli- 
copters will cruise at considerably higher speeds than those in present opera- 
tion. 


Cruise Speeds and Design Types 


This brings up an interesting and noteworthy point: what about helicopter 
cruise speeds? 

For reasons inherent in rotary wing aircraft design, a “pure” helicopter is 
limited to speeds probably not exceeding 150 miles per hour. However, if a 
short “stub” wing is added, this figure can be boosted. If both a “stub” wing 
and tractor propellers are added, the machine then becomes classed as a con- 
vertiplane and not as a “pure” helicopter, and the cruise speed will increase 
even more. Then if we consider the vertical take-off type of airplane, such 
as the Convair and Lockheed VTO fighters which have received considerable 
press comment lately, the cruise speed can be as high as any present-day 
transport airplane. The question here, of course is what type we should con- 
sider. 

All of these types are under military development at the present time. 
However, it seems quite safe to say that the first transport configuration to 
become operational will be what we now know as the “pure” helicopter. The 
stub wing version will then follow without much change and with not too much 
development time and money spent, and will merely increase the allowable 


tions for large scale commercial service are many years away and require a 
considerable period of development before they are proven. If and when they 
do become operational and are put into commercial service, there is some 
doubt that they will make obsolete the “pure” helicopter or the “stub” wing 
configuration. The “pure” helicopter or “stub” wing configuration will still, 
in all probability, fit a certain portion of the short-haul routes most efficiently. 
The convertiplane or VTO type aircraft will merely open new horizons for the 
air transport business in 200 to 700 mile stage length operations. 

For purposes of this discussion, therefore, the emphasis will be assumed 
to be on the “pure” helicopter or the stub-wing version of same. However, 
by slight extensions of some remarks, the discussion could be assumed to ap- 
ply equally to all types of aircraft capable of hovering or motionless perform- 
ance. 
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Operating Costs 


Naturally, in the development of any helicopter there are a myriad of tech- 
nical problems which arise and must be solved before the aircraft can possibly 
become operational. Many specialists in the engineering sciences, such as 
aerodynamics, structural analysis, mechanical dynamics, design, and testing 
must devote long hours of painstaking effort in order to turn out a suitable de- 
sign. Then another team of manufacturing specialists must combine their 
talents to produce the design. All of this is not to be forgotten when in the 
light of the present development and production of 35 to 45 passenger helicop- 
ters, one might think all of our problems are solved. 

This is pointed out here, merely to indicate that although many problems 
do exist in the development of a large transport helicopter, we know, in the 
light of present knowledge, that they can be solved and that such machines are 
quite likely to find their way to commercial operation in the reasonably near 
future. For this reason, no attempt will be made here to discuss any of the 
many design and development problems associated with the creation of a 
transport helicopter. Only those main points which will affect its commer- 
cial use most directly will be high-lighted. One of these main points is Oper- 
ating Cost. 


Cost Breakdown 


The operating cost analysis of a commercial transport helicopter is very 
similar to the type used in fixed wing studies. The direct costing is usually 
broken down into the three main groups of 


1) Flight Operations 
2) Maintenance 
3) Depreciation 


The Flight Operations cost wiil usually reflect the cost of crew, fuel and oil, 
training, and insurance. The Maintenance cost considers all of the material 
and direct labor costs involved in maintaining all of the systems and mechani- 
cal components of the aircraft. The Depreciation cost breakdown merely al- 
lows for the write-off of the purchase price of the article. 

The details of a complete operating cost analysis are not important here. 
What are of interest, however, are the various trends in direct operating cost 
versus range, work capacity, and utilization found from the results of a num- 
ber of cost analyses on a number of different assumed designs. 


Definition of Terms 


Before discussing these trends, however, it might be well first to define a 
few of the terms which are used most frequently: 

The first of these is Work Capacity, which is merely the product of the pay- 
load times the block speed and which represents the ton-miles per hour that the 
particular design is capable of moving. The second item stems from the first 
and is the Block Speed, which represents the average speed from take-off to 
landing. It is found by dividing the range or trip length by the sum of the time 
to cruise, the time to climb and descend, and the time to maneuver. 


Block Speed Variation 


On the left hand side of Figure 4, is a plot of block speed versus trip length 
for two different cruise speeds. These trends merely indicate that as the trip 
length increases, the block speed approaches asymptotically the cruise speed 
778-4 
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and that as the trip length becomes very short, the climb and maneuver 
times become predominant and the block speed falls off rapidly. These same 
trends also show up for a fixed wing aircraft, except that the airplane maneu- 
ver times become predominant and the block speed falls off rapidly. These 
same trends also show up for a fixed wing aircraft, except that the airplane 
maneuver time is greater than that required by the helicopter for obvious 
reasons. 


Transport Helicopter Time Saving Potential 


For one to make a comparison of transport airplane to transport helicopter 3 : 
travel times, a specific type of mission must be stipulated and the time from 5 
city center to city center must be compared. If this is done and a limousine 
time from downtown to airport of 30 minutes each way is assumed for the air- 
plane with 10 minutes allowed each way for the helicopter, the curve shown to 
the right of Figure 4 may be constructed. This plot presents the ratio of heli- : 7 
copter over-all time to airplane over-all time for the DC-3 and 150 mile per | 
hour cruising helicopter. As may be seen from the figure, for a 100-mile 
stage length, the helicopter would move a passenger from city center to city 
center in one-half the time required by the use of the airplane. Appreciable 
time savings are possible even up to trip lengths of 200 miles as the figure % 
shows. Please note, however, that the time assumed to get from the city cen- | 
ter to the heliport was only 10 minutes, which assumes a heliport in a “close 
in® downtown location. 

If the heliport is provided in a *close in” location, such time savings are q 
possible and represent one of the reasons why it was stated earlier that the a 
transport helicopter may have much to offer the transportation industry. : 


Effects of Work Capacity and Trip Length u 


Figure 5 is a presentation of direct operating cost versus work capacity 
and trip length. The curves on the left are shown against work capacity and 
are drawn for yearly utilizations of 1000, 2000, and 3000 hours per year. It 
may be seen that the direct operating cost minimizes somewhere between 450 
and 500 ton-miles per hour. For a 130 mph cruise speed, this corresponds 


to a payload of 35 to 40 passengers. Obviously, the greater the yearly utili- 4 
zation, the lower the minimum point, since the depreciation cost and portions 
of the insurance cost are on an annual basis. 


On the right hand side of Figure 5, direct operating cost is presented 
against trip length and it may be seen that a minimum point occurs at about 
200 miles for the 10, 20, and 35 passenger helicopters used in this analysis. 
This does not mean that all transport helicopters will operate most econom- 
ically over a 200-mile stage length. The only point which is made by this 
figure is that the trip length for minimum operating cost occurs at the design 
range of the aircraft. Since the three helicopters considered in constructing 
the figure were all of 200-mile design range, their operating cost curves min- 
imized at that point. This, of course, assumes that the payload is limited by 
seating capacity and that on shorter trip lengths no additional payload can be 
carried because of reduced fuel weight. Cargo versions of these same heli- 
copters might operate even more economically over a 50 or 75 mile stage 
length, assuming operation always at design gross weight. 


Design Range for Future Transports i. 
The point that should be made here is that since the transport helicopter . 
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offers a significant time saving over the airplane in trip lengths up to about 
250 miles, most of the transport helicopters which become commercially 
available will carry their design point payload at 200 to 250 miles with the 
proper fuel reserve. 


Effect of Utilization 


The final operating cost trend to be discussed is presented in Figure 6 and 
depicts direct operating cost versus yearly utilization for the 10, 20, and 35 
passenger machines. It can be seen that 3000 hours per year is a goal which 
every operator would strive for. This is also true of the airplane. It is also 
true, however, that high utilizations in the local service type of operation 
have always been extremely difficult, if not impossible, to obtain. This is 
borne out not only by the local service air carriers, but also by the railroads 
and bus lines. What then of the transport helicopter? 

Due to the fact that the transport helicopter will probably operate most ef- 
ficiently over a 200-mile stage length, but will also be reasonably economic 
over much shorter distances, entire fleet studies over selected air carrier 
routes have indicated yearly utilizations of 2500 to 2700 hours per year. 
These figures would impress any airline economist who is faced with the 
operation of aircraft having a breakeven trip length of 400 miles over 75 to 
100 mile stage lengths with a yearly utilization under 1500 hours. 


Operating Cost Values and Comparison with Fixed Wing 


Nothing has been mentioned yet of the actual values of the operating costs 
and of how they compare with airplane cost data. The operating cost data 
used in making the analysis used for the foregoing charts is, of course, based 
on past operational information and a consideration of Figure 5 would indicate 
that the minimum operating cost falls at about 50 cents per ton-mile. Fixed 
wing transport aircraft now in operation display minimum operating costs of 
about 60 per cent of this value. Of course, most of these aircraft display 
their minimum operating cost at trip lengths considerably greater than 200 or 
250 miles, and, when used over a 50 or 100 mile stage length, the modern 
transport airplane of today is a very expensive item. 

To date, however, helicopter operating costs have been high, and this has 
been mostly because of high maintenance requirements. The maintenance 
cost, however, of any type of aircraft is very closely related to the design 
“state of the art”, and the state of the art is advancing so rapidly in helicop- 
ter airframe design and manufacture that there is every reason to believe 
that the minimum operating cost points of future transports will be consider- 
ably closer to the fixed wing minimum cost points than what has been indi- 
cated by past helicopter cost data. Costs will not, however, become as low 
as the fixed wing minimum points, just because of the fact that the helicopter 
is not as aerodynamically efficient in moving horizontally through the air as 
the airplane. 

In summary of the facts found from considering the operating cost trends, 
the following statements can be made: 


1. The transport helicopter will provide significant time savings over the 
typical local service airplane operation of today up to trip lengths of 
250 miles IF heliports are provided in downtown centers. 

2. These transports, to be most efficient, will have a passenger capacity 
of 35 to 40 people. 
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. The transport helicopters which arrive in commercial operation will 
probably have designed ranges between 200 and 250 miles and will be 
able to operate economically over much shorter distances. 

. Due to their versatility, these transports will probably realize yearly 
utilizations much higher than what is now found in local service air- 
plane operation. 

. The minimum operating cost per ton-mile for the transport helicopter 
will always be higher than the minimum cost for the transport airplane, 
but over the short-haul trip lengths, the transport helicopter will be 
economically competitive with the fixed wing aircraft available. 


Heliport Requirements 


It has been mentioned earlier that heliports must be located in “close in” 
locations for the transport helicopter to provide its real service. For this 
reason, some thoughts on heliport size, shape, and location would seem bene- 
ficial. 

However, before much can be intelligently said regarding these points of 
interest, a few significant items on transport helicopter performance must 
be advanced. 


Transport Helicopter Performance Items 


It must be kept in mind that the predominant reason for the helicopter’s 
versatility and suggested use in air carrier operations lies in its ability to 
hover motionless and to rise vertically in take-off. These performance 
traits allow the consideration of relatively small landing and take-off areas, 
which have been called heliports in this country and “rotor stations” in 
Great Britain. The considerations of these small landing areas must, how- 
ever, be made with due regard for the safety of not only the passengers and 
cargo within the helicopter, but also the personnel and property in close prox- 
imity to the heliport. 


Helicopter Power Curves 


In order to understand the hovering and vertical performance character- 
istics of the helicopter, it is advisable to consider its power required varia- 
tion with forward flight speed. 

Figure 7 represents a typical helicopter power required curve showing 
the ratio of power required to total power available versus forward flight 
speed for two multiple-engine helicopters of advanced design. One machine, 
however, utilizes reciprocating type power plants and is designed more in 
accordance with past design philosophy in that it exhibits a rather high power 
loading while the other is designed around turbine power plants with a rela- 
tively low design power loading. 

It may be seen that Helicopter A, the reciprocating type with high power 
loading, cannot hover with one engine of four out, but must attain a speed of 
about 12 miles per hour before safe level flight can be realized. Helicopter B, 
on the other hand, can hover with one engine inoperative. There are a number 
of technical reasons as to why the combination of gas turbine power plants and 
low power loading will allow this single engine hovering performance, but they 
need not be detailed here. The point which is emphasized by Figure 7 is that 
the future transport helicopter will probably display one engine out perform - 
ance which will permit safe operation from heliports of considerably less 
size than that required by the transport helicopters of today. 
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Take-off Path and Heliport Length Requirements 


The next consideration is how might this difference in one engine out per- 
formance affect the take-off pattern? 

Although it is far too early in the development of the transport helicopter 
to be very dogmatic in statements regarding future transport take-off pat- 
terns, the following generalizations are possible. 

In the operation of a multi-engined helicopter, possessing one engine out 
hovering ability, an almost vertical take-off will not only be possible but 
should also be quite safe. If an engine failure were experienced, adequate 
power would still remain, and no serious difficulty would be involved in 
bringing the aircraft safely back to the ground. Obviously, this would not be 
true for the machine displaying less than one engine out hovering perform- 
ance. In the case of the latter, acceleration to the minimum one engine out 
flight speed would be required before any form of powered flight could con- 
tinue following an engine failure. This naturally would require a larger heli- 
port length to allow for a safe autorotational landing in the event of an engine 
failure, prior to attaining the minimum one engine out flight speed. 

Figure 8 presents the estimated flight paths of the two performance types 
discussed above. It may be noted that the higher performance machine can 
climb vertically, at least until out of rotor ground effect, and then accelerate 
to forward speed while in climb. Should an engine failure be experienced, 
the same general path may be executed except that the climb rate would be 
lower. Of course, the machine could be brought back in a vertical landing 
after a single engine failure, if so desired. 

The lower performance helicopter, not being able to maintain hovering 
flight after an engine failure, must follow one of two courses upon experi- 
encing such an occurrence. If single engine flight speed has been obtained 
prior to the failure, then the flight path shown from Point A is possible. If 
the failure occurs before Point A is reached, then an autorotative landing is 
necessary and an over-run area adjacent to the heliport must be available. 

The question of how large an over-run area is required is strictly depend- 
ent upon the specific performance of the helicopters which will use the par- 
ticular heliport facility. However, a 400 foot dimension has been considered 
in a number of references to be adequate. 

The dimensions of the minimum area required for the heliport landing and 
take-off itself might likely be a 300-foot square. This would probably suffice 
for all twin-engined machines that one might expect in commercial service. 
These dimensions are presented here only as an aid for planning purposes 
since very few positive statements can be made on such a subject when no 
operational experience is at hand. To be sure, the dimensions given should 
be more than adequate for the helicopters now in operation, and since the 
future will probably bring equipment which possesses much better hovering 
performance than what is now considered acceptable, the requirements of 
heliport size ultimately will become less. It is far better, however, to plan 
for more than the required space than for too little. In this respect, the trend 
in heliport size requirement with increase in helicopter weight and size will 
probably be in opposition to what we have experienced in the development of 
the fixed wing transport airplane. 


Other Heliport Considerations 


While it is not the intent of this paper to discuss the details of heliport de- 
sign, a few additional remarks seem advisable, 
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Although heliport sites must be *close-in” to allow the machines to be 
most effective, the areas selected should be as free from high obstructions 
in the approach area as possible, to provide maximum flight safety, and 
should be located where the noise levels will cause the least public annoy- 
ance. Good access to surface transportation should also be considered in 
planning the heliport site. 


Summary of Heliport Requirements 


From what has been outlined previously in this section, the following 
points may be summarized: 


1) The heliport should be as close to the downtown areas as possible. 

2) The helicopter requires its highest power while hovering. 

3) The twin engined helicopters to become commercially operational will 
probably not possess single engine hovering capabilities and will there- 
fore require cleared over-run areas adjacent to the heliport landing 
and take-off mat. 

The size requirement of heliport areas will probably decrease as 
larger and heavier machines become available, because of the incorpo- 
ration of multiple and more suitable power plants and lower design 
power loadings, which will allow one engine out hovering performance. 
The heliport landing approach areas should be as free from high ob- 
structions as possible, and should be selected so as to create the low- 
est noise nuisance. The heliports themselves should be close to sur- 
face transportation. 


SUMMARY 


Only the highlights of those items which will affect the large-scale use of 
the transport helicopter in commercial operations have been discussed here. 
Many other features will enter into the over-all development of this new 
transportation medium, but it is believed that the topics of operating cost and 
heliports are the most significant when considering the over-all commercial 
acceptance of the vehicle. 

The major facts and educated guesses regarding the operating cost trends 
and the heliport requirements of the future transport helicopter have been 
presented and it is sincerely hoped that they will constitute an aid to those 
involved with the long range planning for what may become a major transpor- 
tation medium in the not too distant future. 
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AS PERCENTAGE OF OVERALL 
AIRPLANE TRIP TIME 


BLOCK SPEED VARIATION 
WITH TRIP LENGTH 
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TRIP LENGTH - MILES 


LEMOTH - MILES 


FIGURE 4. 
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EFFECT OF UTILIZATION ON 
DIRECT OPERATING COST 


NOTE: _ TRIP LENGTH = 100 MILES 
LOAD FACTOR = 75% 
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UTILIZATION - Hr/Yr 


FIGURE 6 
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FOUR ENGINE HELICOPTER POSSESSING 


ONE ENGINE OUT HOVERING PERFORMANCE 


\aght path 


Norm?) 


One Engine Out Flight Path 


Take-off & 
Landing Area 


FIGURE 8A 
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FOUR ENGINE HELICOPTER NOT POSSESSING 
ONE ENGINE OUT HOVERING PERFORMANCE 


Take-Off & 
Landing Area 


Note: 


Normal Flight Path 


One Engine Out 
Flight Paths 


Over-Run Area 


A - Point at which one engine out 
flight speed is reached 


B - Any point preceding that at 
which one engine out flight- 
speed is reached 


FIGURE 8B 


778-22 


A 
B 
i 
| 


